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( i) 
SUMMARY 
This thesis includes two parts: 
Part I contains the conversion of Gibberellic acid (1) into 
Gibberellin A36 (6) methyl ester. The successful approach 
utilized an intrarnolecular cyclopropanation process based on 
a 6 1(10)-olefinic 19-diazomethyl ketone derivative (14) to 
give the cyclopropyl ketone (15) followed by regioselective 
hydrogenolysis of C(l) -C(20) bond and then oxidative cleavage 
of the C ( 1 9) - C ( 2 0) bond . in ( 21) . 
Part II describes the synthesis of the individual enantiomers 
of the helminthosporic acid analogues (4) from ( £ )-Perill-
aldehyde by reactions whose mechanisms proscribe racemization 
of the chiral cyclohexenyl intermediates. 
bz 
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1 . 
Gibberellins were originally discovered by the 
Japanese, who had observed the extreme elongation of rice 
plants which had been infected by the fungus Gibberella 
fujikuroi. This strange growth effect was traced to a 
group of three chemicals, comprising gibberellic acid (1) 
and two closely related substances. More than sixty such 
compounds [termed gibberellins, and coded simply as A1 , A2 
etc., gibberellic acid being A3 (1)] are now known. They 
are spread widely throughout the plant kingdom, and form an 
important group of phytohormones, along with the auxins, 
cytokinins, abscisic acid and ethylene. (l) 
Structurally, gibberellins are diterpenoid in origin 
and can be subdivided into two groups: the c 20 and c19 
gibberellins. The c 20 gibberellins possess the ent -
gibberellane skeleton, and are typified by the simplest 
member of this group, GA12 (2). The c19 gibberellins are 
based on an ent-20-norgibberellane skeleton, and with one 
exception a 19 + 10 y-lactone function, as in GA 3 ( 1) , for 
example. Many of the gibberellins contain a high 
12 
2 
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( 1) ( 2 ) 
2 . 
concentration of functional groups rendering them 
susceptible to rearrangement and degradation. Therefore, 
as a general rule high temperatures and extremes of pH 
must be avoided when working with them. In mineral acid, 
13-hydroxy gibberellins undergo a Wagner-Merwein rearrange-
ment of the C/D ring system. ( 2) When the 13-hydroxy group 
is absent the 16, 17 double bond may be isomerized by acid 
to the endocyclic 15, 16 position or may be hydrated to 
give the saturated 16-alcohol. After heating an aqueous 
solution of GA 3 in an autoclave at 120° for 20 minutes, 
only 1-2% GA 3 remains. (l) 
Some of the more important biological properties of 
gibberellins are summarised in Table 1. The diversity of 
effects is especially noteworthy. There have been a 
variety of valuable applications, some of which are 
indicated in Table 2. Almost all commercially grown table 
grapes in California are now treated with gibberellins. 
The flowers are thinned by an early treatment, and then 
berry growth is promoted by further application at the 
fruit-set stage. The result is a cluster of a smaller 
number of larger berries. The improved microclimate aids 
the control of fungal diseases, and the product has greater 
market appeal. Citrus crops are also treated with 
gibberellins, but this time to delay rind senescence. 
Fruit is thus given better keeping qualities and may be 
kept on the tree for longer periods. In this way the 
lemon harvest is delayed from early until late spring to 
coincide with greater market demand. The most basic 
3 . 
property of the gibberellins is probably the stimulation 
of enzyme production, especially of the amylases. The 
conversion of starch to sugars may thus be stimulated and 
dormancy broken in a controlled fashion. The need for 
winter chilling may also be obviated. By far the most 
extensive application, however, is the promotion of malting 
in the brewing industry. 
TABLE 1. SOME PROPERTIES OF THE GIBBERELLINS 
Reversal of dwarfism 
Induction of stern growth 
Stimulation of flowering 
Breaking of dormancy 
Enzyme synthesis/secretion 
Modification of flower sex expression 
TABLE 2. APPLICATIONS OF GIBBERELLINS 
Prevention of fruit drop 
Increased tillering in cereal crops 
Parthenocarpic development of frui~ (blossom damage) 
Delayed skin senescence 
Breaking of dormancy 
Fruit enlargement 
Seedless fruit 
Control of fungal diseases 
Inhibition of enzymatic browning of cut fruit 
Malting 
4 . 
A great deal of information is available on the 
chemistry and biosynthesis of gibberellins, but relatively 
little is known about the molecular basis for the 
biological activity of these plant hormones. Much effort 
on the problem of structure-activity relationships has 
been expended in testing the relative biological activities 
of gibberellins and structurally related molecules, usually 
derived through chemical modification of the gibberellins 
themselves. These approaches, however, are confused by a 
diverse array of functional groups, the general lability 
of this type of molecule, and therefore, the difficulties 
implicit in effecting systematic modifications of the 
skeleton and substituents. So far, the only functional 
group found to be essential for activity is the B-ring 
B-carboxyl group, (3 ) although the more active gibberellins 
also possess a y-lactone function fused to the A-ring which, 
in the most active compounds, also bears a 3 B-hydroxy 
group. (4 , 5 ) The problem of studying structure-function 
relationships is further confused by the possibility of 
rapid biological modification of the test substance by 
plant tissue. 
Flexible syntheses of gibberellins, which would allow 
the incorporation of isotopic labels( 6 ) could be invaluable 
in unravelling the structure-function enigma, but although 
c 19 gibberellins (in particular gibberellic acid (1) and a 
gibberellin A4 /A7 mixture) are freely available from 
fermentation processes, there is no good source of c 20 
gibberellins. The development of an efficient synthetic 
5. 
conversion of c19 into c 20 gibberellins could therefore be 
of considerable value in making available suitable 
compounds. Part 1 of this thesis describes such an 
endeavour. 
Yet another approach which might shed light on the 
structure-activity relationships in the gibberellins is 
the preparation of structural analogues. This approach 
has been pursued very actively by Coombe, Mander and 
Turner, (?,B) who have prepared and tested for biological 
activity a large number of analogues of helrninthosporic 
acid (3). Most of that work has been carried out with 
racemic materials, on the - assumption that only the 
enantiomers with chirality corresponding to the natural 
gibberellins would be active. This is a risky assumption, 
however, and in the second part of this thesis a method 
for preparing the individual enantiomers of the 
helminthosporic acid analogue (4) is described. 
.. 
•. 
( 3) 
).~ 
(4A) Enantiomer depicted 
(~B) , ntinode of (4A) 
6 • 
" PART I 
.. 
R 
7 • 
INTRODUCTION 
In the final biosynthetic steps(l) leading from c 20 
gibberellins to c19 gibberellins (Scheme 1), it has been 
shown that the C(20) methyl group is oxidized first to the 
hydroxymethyl derivative and then to a formyl function. 
The aldehyde group is then lost completely, with both 
oxygen atoms of the y-lactone moiety coming from the C(19) 
carboxyl. C(20)-carboxylic acids are also formed but these 
compounds have been shown not to be intermediates in c19 
gibberellin biosynthesis. 
. 
• I 
Me CH=O 
\ 
.. 
H02C 
R ) 
SCHEME 1 
This sequence may begin with GA12 (2) to give GA 24 (5) 
and thence GA36 (6) or with GA14 (7) (the early 3-hydro-
xylation pathway) to give GA 36 (6) more directly. 
8 • 
Alternatively, GA12 (2) may be converted to GA 53 (8) and 
thence GA19 (9) (the early 13-hydroxylation pathway). 
Studies in the first part of this thesis are directed 
towards the conversion of gibberellic acid (1) into 
t GA3 6 ( 6) . 
( 5 ) 
( 8) 
( 6 ) ( 7) 
( 9 ) 
At first sight the problem is a formidable one. 
Gibberellic acid (1) has a deserved reputation for being 
very labile towards a wide range of reagents. It is 
highly functionalized and rearranges very readily. The 
t Concurrent studies by Dr. R. Dawe in these laboratories 
have been directed towards the conversion of gibberellic 
acid (1) into GA19 (9). 
9. 
transformation into the c 20 derivatives requires the 
delivery of a substituent into a sterically very hindered 
position and to the less exposed face of the molecule. 
MacMillan and coworkers have examined the addition of 
lithiwn methyl cuprate to enone (10) and obtained the 
* 20S-methyl derivative (11), for example. 
H H 
Me4Cu2Li2 
' 
····OH 
. 
I 
I C02Me C02Me Me02C Meo2c 
(10) (11) 
·····OH 
In view of these obstacles it appeared essential to 
devise a solution based on an intramolecular process for 
the introduction of C(20). We have established a general 
approach to the preparation of GA 36 (6) from GA 3 (1), which 
may be employed in the preparation of further c 20 gibberellins 
from GA 3 (1). The results are described below. 
* Personal communication to Professor L.N. Mander. 
J 
R 
DISCUSSION 
The major difficulties posed by the conversion of 
gibberellic acid (1) into gibberellin GA 36 (6) are 
10. 
(a) the dismantling of the allylic lactone functionality 
in the A-ring (b) the introduction of the twentieth 
carbon into a sterically very hindered position on the 
concave and therefore less accessible a -face of the 
molecule (c) the selection of a set of reagents which 
allow preservation of the labile methylene group in the 
D-ring, thereby avoiding a wasteful degradation/reconstitu-
tion cycle, and (d) hydrogenolysis of the 13-hydroxy 
function. It seemed that -one attractive route might be 
based on the use of an intrarnolecular cyclopropanation 
reaction of a ~1 (10) olefinic 19-diazomethyl ketone 
derivative (i) to give cyclopropyl ketone (ii) followed by 
regioselective hydrogenolysis of the C(l)-C(20) bond, and 
then oxidative cleavage of the C(19)-C(20) bond in (iii) 
as indicated in Scheme II. 
CHO 
1 } -} .o RO )''" RO • . . . 19 . 
COCH=N2 0 C02H 
( i ) (ii ) (iii) (iv) 
SCHEME II 
11. 
An examination of molecular models revealed that there 
was somewhat better overlap between the C(l)-C(20) bond 
and then-orbital of the C(l9) carbonyl function in 
cyclopropyl ketone (ii) and therefore it was envisaged 
that reduction would proceed in the required manner. 
Moreover, it could be expected that the formation of an 
incipient secondary carbanion would also favour the 
d . d . 1 . . 8,9 esire regiose ectivity. The complete sequence 
leading from GA 3 (1) methyl ester to GA 36 (6) is outlined 
in Scheme III. 
In order to make the diazoketone (14), the precursor 
acid (12) was needed. The metal-ammonia reduction of 
GA 3 (1) methyl ester was examined, but although a reasonable 
yield of olefinic acid (12) was obtained, the product 
always contained significant amounts of 3-deoxy and 
7-hydroxymethyl compounds. ~uperior results were obtained 
by catalytic hydrogenolysis. (lO) There were two major 
considerations in choosing a protecting group for the 
3S and 13-hydroxyls: non-interference with diazoketone 
and cyclopropyl ketone formation, and ease of removal. A 
number of different protective groups were tried in 
preliminary studies, including dichloroacetate and 
methoxymethyl (MOM). Acetylation was ultimately selected, 
however, in the anticipation of reductive cleavage of the 
secondary J S-acetate function to 3 S-hydroxyl with 
concomitant hydrogenolysis of the 13-acetate group during 
the metal-ammonia treatment of the cyclopropyl ketone. 
0 H 
l /: 11 
2~/ :10 
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Reagents: 
13. 
a, H2 /Pd-BaC0 3 b, (AcO) 2o-DMAP-(Et) 3N-CH 2cl 2 
c, (COCl) 2-Py; CH 2N 2 d, Cu-cyclohexane 
e, Li-t-BuOH-Arnmonia f, TBDMSCl-DMF-DMAP 
g, dimethoxymethane-benzene-toluene-p-sulfonic 
acid 
SCHEME III 
The diazoketone (14) was made by a standard procedure(?) 
which was chosen to avoid isomerisation of the ~1(10) 
olefinic bond, and cyclopropanation effected by copper-
bronze. (B) The structure of (15) was evident from the 
absence of olefinic proton resonances (other than those 
from the C(17) methylene group) in the 1H-NMR spectrum 
and from the presence of two methine resonances at 
unusually high field, ie. 025.4 and 30.1, in the 13c-NMR 
spectrum. A minor byproduct from this reaction had 
spectroscopic properties which were consistent with 
structure (16), resulting from carbenoid insertion into 
the 2 S-CH bond and was easily removed by chromatography. 
This ketone was the major product from rhodium (II) 
1 d 1 . . (11) acetate cata yse eye ization. 
Under carefully controlled conditions, metal-ammonia 
reduction of (15) led to cleavage of the C(l)-C(20) bond 
in the desired manner. This was readily confirmed by an 
INEPT 13c-NMR spectrum, which clearly displayed the 
14. 
methylene and quaternary resonances from C(l) and C(lO), 
respectively; the alternative product from fission of 
the C(10)-C(20) bond would have given rise to two new 
methine resonances instead. Ketone (17) was obtained 
as the major product (38% yield), accompanied by acetate 
(18) (14 % yield), when a solution of (15) was added to a 
preformed solution of lithium in liquid ammonia. The more 
usual procedure of adding metal to a solution of (15) . in 
ammonia afforded approximately equal amounts of (17) and 
(18) - a much less satisfactory outcome in view of the 
difficulties experienced subsequently in attempts to 
hydrolyse the 3-acetoxy function in (18) (v ide infra ). 
The contrast in behaviour between the secondary 
3 S-acetate and tertiary 13-acetate is well precedented in 
the studies of Barton et al . (l 2 ) The mechanistic aspects 
are outlined in Scheme IV. Hydrogenolysis may occur when 
the radical anion formed from the addition of an electron 
to the acetyl group can undergo an energetically favourable 
fragmentation, eg. as in the formation of a tertiary alkyl 
radical [route (a)]. The precise order of events involved 
in the reduction of the secondary ester is somewhat 
speculative, but a plausible sequencE is indicated 
[route (b)] . 
In an attempt to convert the 3-acetate (18) into the 
3-hydroxy derivative (17), different hydrolysis methods 
were tried. Even under the mildest basic conditions, 
however, epimerization occurred. The proposed retro-aldol 
.. 
R-0-C-CH 
I 3 
0-
(b) 
R-O-CH-CH3 
I 
OH 
(a) 
SCHEME IV 
.., R·+ O=C-CH3 I o_ 
ROH .e-
. 
RH 
based mechanism for the base-catalyzed isornerisation is 
indicated in Scheme V. 
0 ),a c--O } H-0 031" Ho··· . ~ H HO- H,0 ,.H 
SCHEME V 
15. 
16. 
The next goal was to effect oxidative cleavage of the 
C(19)-C(20) bridge. The hydroxy group was therefore 
protected with a base-stable methoxymethyl (MOM) ether. 
Methods based on the standard procedure failed 
(methoxymethyl chloride, iPr 2NEt), (l
3 ) but a satisfactory 
solution was found to be the acid-catalysed ether exchange 
with dimethoxymethane. The reaction was carried out at 
reflux using p-toluenesulfonic acid as the catalyst 
(dimethoxymethane: benzene 3:1) to give a 98% yield of the 
desired product (19). The C(20) methylene group in (19) 
is thoroughly shielded on both sides,so an oxidising 
reagent with a low steric demand appeared to offer the 
greatest chance of success. Molecular oxygen was a logical 
candidate and has been shown(l 4 ) to react with ketones in 
the presence of potassium t-butoxide to form a -hydroperoxides. 
These intermediates rapidly undergo elimination to form 
a -diketones or diosphenols if an a -hydrogen substituent is 
available, but otherwise cleavage may occur. (lS) Ketone 
(19) was not readily enolised, but reacted satisfactorily 
with potassium hydride in dimethyl formamide. Oxygenation 
of the resulting enolate led rapidly to the 20-formyl-19-
carboxylate, which was converted directly into the methyl 
ester (20) [98% overall yield from (19)] by treatment 
in situ with methyl iodide. This course of events was most 
unusual for a ketone in which reaction had occurred at a 
methylene group and may be a consequence of steric 
hindrance and/or the aprotic conditions. A proposed 
mechanism is outlined in Scheme VI. 
1 7 . 
• 0-0 
SCHEME VI 
The next step was to have been the selective removal 
of the 3-methoxyrnethyl ether protecting group from (20), 
-but no reaction conditions were found which gave the 
desired result. The 16,17-double bond in compound (20) 
is very readily isomerized by acid to the endocyclic 
position, and although the MOM group had been introduced 
under acidic conditions it was not all that surprising to 
find that simple acid catalysed hydrolysis of the 3-MOM 
group was accompanied by this migration. However, it was 
.. 
' bi 
1 8 . 
disappointing to f ind that tre atment with trirnethy lsily l 
bromide, (l 6 ) trirnethylsily l chloride/n-Bu 4NBr, (l
7 ) or 
dimethyl boron brornide(lB) also a fforded endocyclic ol e fin. 
A more suitable protecting group was therefore required. 
The te r t .-butyl-dirnethylsilyl(TBDMS) ether (21) derivative 
from (17) formed slowly with tert .-butyl-dirnethylsilyl-
chloride in the presence of dirnethylarninopyridine and 
dirnethylforrnarnide. Following the oxidative cleavage of 
ketone (21), the TBDMS protecting group was removed in a 
modest yield from (22) with tetra-n-butylarnrnoniurn fluoride 
+ -(n-Bu 4N F), thereby furnishing the gibberellin GA 36 
* dimethyl ester (23). Current efforts are centred on 
improving this yield and on the preparation of the free 
gibberellin dicarboxylic acid (GA 36 ), a non-trivial problem. 
It is expected that this methodology will also allow the 
production of other c 20 gibberellins from GA 3 (1). 
* 1 
- H-NMR spectroscopic data gave an e x c e ll e nt match with 
t hat reported by J. R. ·. Bearder and J. MacMillan, 
J. Chern. Soc. Perkin I, 1973, 282 4 . The mass spectrum was 
identical with a spectrum kindly provided by Professor 
MacMillan. 
1 9. 
EXPERIMENTAL 
20. 
GENERAL DIRECTIONS 
All melting points were measured on a Kofler hot-stage 
melting point apparatus and are uncorrected. Infra-red 
spectra were measured in chloroform solution using a 
Perkin-Elmer 683 instrument. Proton nuclear magnetic 
resonance (1Hnmr) spectra and 13c nuclear magnetic resonance 
(13cnrnr) spectra were determined using a JEOL-FX-200 
spectrometer; all spectra were determined in deuterochloro-
form and are referenced to internal tetrarnethylsilane. 
Spectral characteristics are quoted as nrnr (solvent) o 
chemical shift, relative intensity as number of hydrogens, 
multiplicity [s(single~, d(doublet), t(triplet), q(quartet), 
m(multiplet)], (coupling constant), assignment. Elemental 
analyses were carried out by the Microanalytical Service, 
Research School of Chemistry (A.N.U.). All thin layer 
chromatography (TLC) was carried out using Art 5554, 
DC-Alufolien Kieselgel 60 F 254 , and all flash chromatography 
was performed using Kieselgel 60 Silica. Petroleum ether 
had a boiling range of 40-60°. 
Systematic nomenclature is based on the ent -gibberellane 
skeleton (J.R. Rowe, Ed. "The Conunon and Systematic Nomen-
clature of Cyclic Dit erpenes", 3rd Rev.; Forest Product 
Laboratory, U.S. Department of Agriculture: Madison, WI, 
1968. 
21. 
ent-3 a ,13-Dihydroxy-20-norgibbere ll-1(10) ,16-diene-i19-dioic 
Acid 7-Methyl Ester 
H 
HO HO 
A solution of methyl gibberellate (1.5g) in ethyl 
acetate (340 ml) and piperidine (5 ml) was hydrogenated 
over 2% palladised barium carbonate (325 mg) at room 
temperature until the reaction was complete (about 
70 min; checked by tlc; CH 2Cl 2 : (Et) 20:HAc:CH 30H/20:20:1:1). 
The filtered solution was washed with 10% HCl (2 x 10 ml) 
and brine. The acidic water layer was washed with ethyl 
acetate and the combined organic layers were extracted 
with 5% NaHC0 3 (4 x 30 ml). Following acidification of the 
alkaline extract, the product was extracted into ethyl 
acetate. The extract was dried and evaporated to yield 
the crude product 1.33g (88 %). A s~all amount of p roduct 
was passed through a silica gel column (CH2c1 2 : (Et) 20:Me OH; 
HAc-20:20:1:1) followed by recrystallization f rom ethyl 
0 
acetate to yield prisms, m.p. 236 ~ 238 (decomp.) 
(lit. (lO) 236 ~ 238°). 
Anal. Calcd. for c 20H26 o6 , C, 66.30; H, 7.18; Found C, 66.55 0 1 If H, 7.57; H- NMR o 1.31 (S,1 H,-CH 3 ); 3.71 (S,3H, -C-OCH 3 ); 
4.14 (S,1H,C-3H); 4.97, 5.07 (2 x S,2H,C=CH 2 ); 5.25 (S,C-lH). 
.. 
22. 
ent-3 a ,13-Diacetoxy-20-norgibbere ll-1(10) ,16-diene-~19-dioic 
Acid 7-Methyl Ester 
H 
The dial 580 mg (1.6 rnrnol) was dissolved in CH 2c1 2 (10 ml) 
and cooled to o0 c. To this solution was added (AcO) 2o 
(1. 5 ml, 16 rnrnol) , Et 3N ( Z. 23 ml, 16 rnrnol) and DMAP (140 mg, 
1.15 rnrnol) with stirring overnight at~ 4°. A piece of ice 
was added to the stirred reaction mixture and stirring 
continued for 2 hr. Ether (150 ml) was added and the 
organic layer was washed with 10% HCl (4 x 10 ml), brine 
(4 x 5 ml), dried, and evaporated to yield a syrup(650 mg) 
( 9 2 % ) • 
Methyl ent -3 a ,13-Diacetoxy-19-diazomethyl-19-oxo-20-
norgibberell-1(10) ,16-dien-7-oate 
AcO 
HO c· 2 
H 
·oAc 
" 
23. 
The acid ( 1 . 9 4 g , 4 . 3 5 mm o 1 ) and pyridine ( O . 4 m 1 , 
4.9 rnrnol) were dissolved in dry benzene (20 ml) and added 
slowly with vigorous stirring to a solution of oxalyl 
chloride (3.8 ml, 43.6 rnrnol, in benzene 20 ml) at o0 c. 
The reaction mixture was allowed to warm to 25°c for 1 hr 
then filtered through a small Celite column. The solid 
was washed several times with dry benzene. Benzene and 
oxalyl chloride were removed under a nitrogen atmosphere and 
reduced pressure and the residual oil dissolved in 
diethyl ether (ca. 20 ml) and added to an ice-cold dry 
solution of diazomethane (C, 0.71 rnrnol, from 21g Diazald 
in diethyl ether 100 ml). · After 48 hrs at C, o0 the 
reaction mixture was concentrated in a vacuum to yield 
the diazoketone as a yellow solid ( 1. 8 4 g, 90%) . 
This was chromatographed (1:1.5, ethyl acetate/hexane 
on silica gel) and then recrystallized with ethyl acetate-
hexane (1:3) to give a pale yellow solid (620 mg, yield 31%), 
m. p. 1 71-1 72°. 
This material had the following characteristics: 
Tlc Rf 0.38 (1:1.5, ethyl acetate/hexane); [a J 1i + 96.43° 
(C, 1.176 in CHC1 3 ); m.p. 171-172° (Found: C, 62.77; 
H, 6.45; N, 5.70. c 25 H30o 7N2 .~H 20 requires C, 62.62; 
H , 6 . 5 2 ; N , 5 . 8 4 ) ; I R ( CH C 1 3 ) 21 0 5 cm - l ( - CO C HN 2 ) , 
1725 crn-l (ester), 1640 crn-l (2 x C=C, C=O of Diazoketone); 
1 H-NMR cS 1.13 (S,3H,-CH 3), 1.99 and 2.07 (2 x S, 2 x 3H, 0 
II 
2 x -0CCH 3), 3. 70 (S,3H, -co 2cH 3 ); 4. 94 (S,lH,H-3); 4. 97, 
5.11 (2 x S, 2H,C=CH 2); 5.21 (S,lH,H-1); 5.47 (S,1H,COCHN 2). 
l 3 C- NMR cS 7 2 . 5 ( C- 3) , 8 5 . 8 ( C-1 3) , 1 0 5 . 7 ( C-1 7) , 1 0 9 . 7 ( C-1 ) , 
0 
II 
141. 9 (C-10), 151. 0 (C-16), 164. 9 and 170. 5 (2 x OCCH 3), 176. 2 
( C- 7) , 19 4. 4 ( C-1 9) . 
Methyl ent-3 a ,13-Dia cetoxy-19-oxo- lB ,20-cyclo-19,20-
cyclogibberell-16- en-7-oate 
H H 
···oAc 
24. 
• 
···oAc 
The diazoketone (1.16g, 2.47rnmol) in THF (6 ml) was 
added to a boiling suspension of copper bronze (ca 5g) in 
cyclohexane (100 ml) under nitrogen. After 4 hrs an IR 
spectrum showed the disappearance of the strong 
-1 diazoketone absorption at 2105 cm The reaction mixture 
was cooled, filtered and concentrated in a vacuum to a 
syrup (1.0g, 90 %). This crude product was chromatographed 
on a silica gel column using ethyl acetate: hexane (1:1.5). 
The desired cyclopropyl ketone was obtained as a colourless 
solid (0.82g, yield 75 %). A small portion of this material 
was recrystallised from ethyl acetate-hexane (1:3) to give 
white prisms, m.p. 146-147°. This material had the follow-
ing characteristics: 
Tlc, Rf 0. 2 et y ace a e- exane, : , 4 ( h l t t h 1 3) [ Cl ]D18 + 56.64° 
0 (C, 1.107 in CHC1 3); m.p. 146-147 (Found, C 66.73, H 6.86, 
c25H3007 ~H20 requires C 66. 50, H 6. 92); IR (CHCl3) , 
1740 cm-l (C=O), 1670 cm-l (C=C); 1H-NMR cS 0.84 (S,3H,-CH 3); 0 
II 
2.02 and 2.08 (2 x S,6H,2 x S,6H,2 x -C-CH3); 2.37 and 3.13 
I 
) 
r 
l 
I' 
25. 
(ABq.J = 10.5 Hz.H-5IH-6); 3. 72 (S,3H,-CH 3 ,ester); 
4.65 (q,1H,C 3-H,J = 4.15 Hz); 5.02 and 5 .. 16 (2S,2H,C =CH 2 ). 
13 C-NMR o ll.7(C-18), 19.7(C-11), 20.9, 21.9(0Ac),. 25.4(C-l), 
27.0(C-2), 30.l(C-20), 36.4(C-12), 40.4(C-14), 42.l(C-15), 
4 4 . 2 (CH) , 4 5 . 5 (CH) , 51. 0 ( qua t. ) , 51. 8 (CH) , 5 2 . 0 ( OMe) , 
52.2(quat.), 75.6(C-3), 84.3(C-13), 107.9(C-17), 153.4(C-16), 
169.8, 170.l(OAc), 173.l(C-7), 211.2(C-19). 
Methyl ent-3 a-Hydroxy-19-oxo-19,20-cyclogibberell-16-en-7-oate 
H 
.. OAc HO 
To a cold (-65°, internal temperature), vigorously 
stirred solution of dry distilled ammonia (200 ml) was 
added lithium (66 mg,11 eq.), followed after two mins by 
a solution of t-BuOH 245(µ1, 3 eq.) and the cyclopropyl 
ketone (383 mg, 0.87 mmol) in dry tetrahydrofuran (3 ml). 
After 3-4 mins the reaction was quenched with 1,3-pentadiene. 
An excess of ammonium chloride was added and the ammonia was 
allowed to boil off. The residue was acidified with 10 % 
HCl and extracted four times with dichloromethane-methanol 
(20:1, 4 x 50 ml). The combined organic layers were diluted 
with ether and washed three times with water, once with 
brine, dried (Na 2so 4 ) and concentrated, to yield a crude 
product (330 mg). Silica gel chromatography (ethyl acetate-
26. 
hexane, 1:1.5), yielded 113 mg of a solid (38 %). A small 
portion of this material was crystallised from ethyl acetate-
hexane (1:3) to yield the cyclopentanone as white prisms, 
m.p. 155-158°, with the following characteristics: Tlc, 
18 0 Rf 0.42 (1:1.5), ethyl acetate/hexane), [ a ]D -10.66 (C, 
0 0 . 9 7 5 , CH C 1 3 ) ; m . p . 15 5 - 15 8 ( Found ; C , 7 3 . 0 8 ; H , 8 . 5 6 , 
c 21H28 o4 requires 
-1 ( C = 0 ) , 16 7 0 cm 
-1 C, 73.23, H, 8.19); IR(CHC1 3 ), 1740 cm 
1 (C = C) ; H-NMR cS O. 9 7 (S, lH, CH 3 ) , 2. 41 gnd 
II 
2.97(ABq,2H,c5-H,J = 12Hz), 3.56 (S,1H,C 3-H), 3.68 (S,3H,-C-
OCH3), 4.90 (bs,2H,C=CH2 ). 
13
c-NMR cS 14.4 (C-18), 19.l(C-11), 
28.1 (C-2), 31.9 (C-12), 32.8 (C-1), 36.4 (C-14), 39.0 (C-13), 
42.9 (C-20), 45.4 (C-15), 49.5 (C-8), 51.1 (C-10), 51.4 (C-5), 
51. 7 ( OMe) , 5 2. 1 (CH) , 5 4. 5 ( CH) , 59 . 3 ( C- 4) , 7 2. 8 ( C- 3) , 
106.9 (C-17), 157.5 (C-16), 173.6 (C-7), 218.4 (C-19). 
The acetate (18) was eluted with ethyl acetate-hexane 
(1:1.5) and displayed the following characteristics: 
+ 1 M.S. m/z 326 (M -HOAC), H-NMR 80.87 (S,1H,-CH 3); 2.41 and 
2.96 (ABq2H,C5-H and c6-H,J =12Hz); 3.68 (S,3H,-~-OCH3); 
4. 7 3 ( S, lH, C 3- H) ; 4. 91 (bs , 2H, C = CH 2 ) . 
0 
Methyl ent-3 a -Methoxymethyloxy-19-oxo-19,20-cyclogibberell-16-
en-7-oate. 
H 
HO 
27. 
The cyclopentanone (53 mg, 0.154 rnrnol) was dissolved 
in a solution of benzene/dimethoxyrnethane (1:3, 25 ml), 
followed by a crystal of p-toluenesulfonic acid and the 
reaction mixture refluxed under N2 . The reaction was 
complete after 20 hrs (checked by Tlc; ethyl acetate-hexane, 
1:1.5) then diluted with benzene-dimethoxyrnethane (1:3), 
washed with aqueous 5% NaHC0 3 and brine, dried and evaporated 
to yield the product 59.5 mg (98%). Silica gel chromatography 
(ethyl acetate-hexane, 1:1.5) yielded white prisms, m.p. 
151-153° with the following characteristics: 
18 0 Tlc. Rf 0.83 (ethyl acetate-hexane, 1:1.5), [a ]D + 10.5 
(C, 1.18, CHCl3); IR (CHCl3) 1760 cm- 1 (C = 0), 1660 cm- 1 ~c = C); 
1 II 
H-NMR 0. 97 (S,1H,-CH 3}; 3. 39 (S,3H,-OCH 3); 3.68 (S,3H,-C-OCH 3}; 
4.68 (ABq,2H,-OCH 20-,J = 7Hz}; 4.90 (bs,2H,C =CH 2}. 
13
c-NMR, o 
14.6 (C-18), 19.1 (C-11), 25.6 (C-2), 31.9 (C-12), 33.2 (C-1), 
36.4 (C-14), 39.0 (C-13), 43.1 (C-20), 45.4 (C-15), 49.2 (C-8), 
51 . 1 ( C-10 ) , 51 . 6 ( OMe ) , 5 2 . 0 (CH) , 5 2 . 2 ( CH) , 5 4 . 5 (CH) , 5 5 • 7 
(OMe), 58. 9 (C-4) , 78 .1 (C-3), 95. 9 (OCH 20), 106. 8 (C-17) , 
15 7. 6 ( C-16) , 173. 6 ( C- 7) , 218. 7 ( C-19) . M. S. m/ z 3 8 8 (M +) , 
HRMS Calcd. for c 23 H32 o5 388.2250 Found 388.2219. 
Dimethyl ent-3 a -Methoxymethyloxy-20-oxo-gibberell-16-ene-7,19 
dioate. 
H cof'.o 
3 
CHO 
28. 
The cyclopentanone (23 mg, 0.06 rnrnol) was dissolved in 
dry THF (5 ml) and DMF (3.5 ml) followed by a · crystal of 
phenanthroline as an indicator. The solution was cooled to 
-20 ~ -30° and a small excess of KH added with stirring under 
N2 . The reaction mixture was allowed to warm to o
0
, and 
after 1.5 ~ 2h, N2 was replaced by dry o 2 . After 5 mins 
the solution was cooled to -20° and methyl iodide (0.2 ml) 
was added. The reaction was followed by Tlc (ethyl acetate-
hexane, 1:1.5). When complete the reaction mixture was 
0 
cooled to -20 , diluted with a mixture of ethyl acetate-
hexane, 1:1.5) at -20° and passed through a small column 
(florisil). The filtered solution was washed with water 
6 x 5 ml) and brine ( 2 x 5 ml) , dried and concentrated to yield 
a pale oil 24 mg ( 98%) . 
Tlc. Rf= 0.74 (ethyl acetate/hexane - 1:1.5), 
18 -1 [a ]D -18.16 (C, 0. 76, CHCl3) IR (CHC1 3 ) 1740 cm (C = 0), 
-1 1 166 0 cm ( C = C) ; HNMR o 1 . 21 ( S , 1 H, -CH 3 ) ; 2 . 7 4 ( d, 1 H, J = 1 3Hz , q 
H-5); 3.38 (S,3H,-OCH 3); 3.63 and 3.73 (2S, 6H,2 x -C-OCH 3); 
3.95 (S,lH,H-3); 3.95 (d,1H,J=l3Hz,H-6) 4.61 and 4.71 
( AB q , 2 H , J = 7 Hz , -0 CH 2 0- ) , 4 . 8 8 ( b s , 2 H , C = CH 2 ) ; 9 . 7 1 ( S , 1 H , 
-CHO). 13c-NMR o 17.9 (C-11), 23.6 (C-18), 25.5 (C-1), 
26. 7 (C-2), 31. 9 (C-12), 38. 0 (C-14), 39. 4 (C-13), 46. 0 (C-15), 
4 9 . 5 (CH) , 4 9 . 7 ( C- 8) , 4 9 . 8 (CH) , 5 0 . 9 ( C- 4) , 51. 6 , 51. 7 ( OMe) , 
55.9 (OMe) , 56.0 ( CH) , 60.3 (C-10), 77.0 ( c- 3) , 96.0 (OCH 20) , 
106.5 ( C-1 7) , 156.0 (C-16), 17 4 . 8 ( C-1 7) , 175.8 ( C-19) , 
205.2 ( c-20) . M.S. ml z 434 (M+ ) . HRMS Calcd for c2 4H34 o7 
434.2305. Found 434 .22 95 . 
" 
29. 
Methyl ent-3a-t.-Butyldimethylsilyloxy-19-oxo-19,20-cyclogibberell 
16-en-17-oate. 
The cyclopentanone (60 mg, 0.174 mmol) was dissolved in 
dry dimethylformamide (6 ml), followed by a small excess of 
4-dimethylaminopyridine and tert-butyldimethylsilyl chloride. 
This mixture was heated (70-80°c) with stirring under nitrogen. 
The reaction was completed after 48 hr (checked by tlc, ethyl 
acetate:hexane, 1:3), then diluted with ethyl acetate, washed with 
water, buffer (pH 4.6 and pH 6.8), and brine. The dried 
solution was evaporated to dryness to yield the crude product 
( 9 7 mg) . Silica gel chromatography (ethyl acetate:hexane, 
1:3) yielded pure product 67 mg (84 %). 
1 f O 72 ( h 1 h 1 3) [ "' ]18 - 7.010 Tc, R . et y acetate: exane, : , u D 
(C=2.61, CHC1 3 ); IR (CHC1 3 ) 1760 cm-l (C=O), 1660 cm-l (C=C); 
1H-NMR cS O. 0 6 ( S, 6H, -Si ( CH 3 ) 2 ) , 0. 8 9-6 ( S, 3H, -CH 3 ) , 0. 9 5 
(S,9H,t-Bu), 2.42 (d,lH,J = 12 Hz,C-5H), 3.04 (d,lH,J = 12 Hz), 
C-6H), 3.52 (S, 1H,C-3H), 3.66 (S,3H,-Co 2cH 3), 4.90 (bs,2H, 
C=CH 2 ). 
13
c-NMR cS -5.0, -4.3 (SiMe 2 ), 14.9 (C-18), 19.1 (C-11), 
25.7 (t-BuSi), 29.1 (C-2), 31.9 (C-12), 33.0 (C-1), 36.4 (C-14), 
39.0 (C-13), 43.2 (C-20), 45. 4 (C-15), 49.5 (C-8), 51.2 (C-10), 
29a. 
51. 4 (C-5), 51. 6 (OMe), 52. 3 (CH), 54. 4 (CH), 59. 9 (C-4), 
73.0 (C-3), 106.7 (C-17), 157.8 (C-16), 173.4 (C-7), 219.4 
(C-19). M.S. m/z 401 (100%, M+ -57) 401.2148. 
Found 401.2164. 
Dimethyl ent-3a-t.-Butyldimethylsilyloxy-20-oxo-gibberell-
16-en-7,19-dioate. 
CHO H 
TBDMSO 
The cyclopentanone (40 mg, 0.087 mmol) was dissolved 
in dry tetrahydrofuran (5 ml) and dimethylformamide (3.5 ml) 
followed by a crystal of phenanthroline as an indicator. 
The solution was cooled to -20~ -30° and a small excess of KH 
added with stirring under N2 . The reaction mixture was 
allowed to warm to o0 , and after 1.5~ 2 h, N2 was replaced 
by dry o2 . After 5 min the solution was cooled to -20° 
and methyl iodide (0.2 ml) was added. The reaction was 
followed by tlc (ethyl acetate:hexane, 1:1.5) and when 
complete, was diluted with a mixture of ethylacetate and hexane 
(1:1.5) and passed through a small column (florisil). The 
filtered solution was washed with water(6 x 5 ml) and brine 
(2 x 5 ml), then dried and concentrated to yield a pale oil 
( 5 2 mg) . After chromatography 42 mg (95 % yield) of the pure 
29b. 
product was obtained. 
Tlc Rf= 0.87 (ethyl acetate:hexane, 1:1.5), 1H-NMR o 0.07 
and O • 0 9 ( 2 S , 6 H , Si ( CH 3 ) 2 ) , 0 . 9 5 ( S , 9 H , t - Bu) , 1 . 13 ( S , 3 H , -CH 3) , 
2.89 (d,lH,J = 12 Hz, C-5H), 3.89 (d,lH,J = 12 Hz, C-6H), 
3.63, 3. 70 (2S,6H,-C02CH 3 ), 4.05 (bs,1H,C-3H) 4.9 (bs,2H, 
C=CH2), 9. 71 (S,lH,-CHO). 13c-NMR o 17.9 (C-11), 24.0 (C-18), 
25.9 (t-BuSi), 26.4 (C-1), 28. 7 (C-2), 31.9 (C-12), 38.1 C-14), 
39.5 (C-13), 46.1 (C-15), 48.4 (CH), 49.8 (C-8), 50.0 (CH), 
50.2 (C-4), 51.4, 51.5 (OMe), 56.4 (CH), 60.4 (C-10), 71.9 (C-3), 
106.5 (C-17), 156.1 (C-16), 174.6 (C-7), 176.6 (C-19), 
205.3 (C-20). M.S. m/z 447(12%,M+-57). HRMS Calcd for 
+ c 24H35o 6si 447.2203 (M -57). Found 447.1839. 
Gibberellin A36 Dimethyl Ester. 
CHO H 
. 
The TBDMS ether (10 mg 0.02 mmol) was disso l ved in THF 
(1.5 ml), cooled to oo, tetrabutylammonium fl uor ide (lM 
solution in tetrahydrofuran, 1 6 0 µt ~ 0.1 6 mmol, 8 eq) added, 
and the mixture stirred under U~ for 3 days. Checking by tlc 
I'~ 
ethyl acetate:hexane, 1:1.5) indicated that the reaction was 
29c. 
only 60% complete, but byproducts were beginning to form. 
After concentration under vacuum, the residue was dissolved in 
ether, passed through a small silica gel column to remove 
+-
excess (Bu) 4NF, and then chromatographed on silica gel 
(ethyl acetate:hexane 1:1.5), to yield recovered starting 
material (2 mg) and the product 3 mg (49% nett). This had 
the following properties: 
1 tlc Rf= 0.48 (ethyl acetate:hexane, 1:1.5), H-NMR 8 , 1.23 
(S,3H,-CH 3), 2. 75 (d,lH,J = 12 Hz,C-5H), 3.92 (d,lH,J = 12 Hz, 
C-6H), 3.65, 3.73 (2S,6H,2 x -C02CH3), 4.1 (bs,1H,C-3H), 
4. 88 (bs,2H,C::.CH2), 9. 70 (S,lH,-CHO). M.S. m/z 390 (4 %, M+) 
372 (4), 358 (41), 340 (46),. 330 (95), 326 (70), 312 (35), 
302 (26), 300 (15), 298 (25), 285 (28), 284 (100), 225 (67), 
171 (70). 
PART II 
30. 
INTRODUCTION 
In an extended series of investigations into the 
molecular basis for the phytohormonal activity of 
. bb 11 . ( 1 9 ' 2 0 ) . d . . gi ere ins, it was iscovered that a wide range 
of racemic molecules modelled on helminthosporic acid (3) 
and the 'right-hand-side' of a gibberellin molecule, e.g. 
GA 4 ( 2 4) , 
0 
HO 
( 2 4) 
show gibberellin-like bio-activity. ( 2l) 
(4A) Enantiomer depicted 
(4B) Antipode of (4A) 
It could be 
inferred from these results that the gibberellin receptor(s) 
in the plant cell have a complementary flexibility for 
molecular recognition. A possible corollary is that the 
molecular interaction between the helrninthosporins(B) 
(or gibberellin) and the receptor(s); is not critically 
dependent upon the three dimensional configuration of the 
hydrocarbon skeleton and attached functional groups (in 
particular a carboxylic acid group) but rather upon physico-
chernical properties for this class of molecule that have no 
chiral dependence. 
31 . 
In order to answer this important question, specific 
enantiomer syntheses of a helminthosporin(B) in the two 
antipodal forms (4A) and (4B) were undertaken. Clearly, 
if molecular chirality is crucial for biological potency, 
the enantiomer (4A) having the antipodal configuration to 
the gibberellins would be expected to have little, if any, 
activity, thereby providing a sensitive and statistically 
significant probe for receptor recognition. Since the 
barley endosperm bioassay curves used to assess potency 
are based on plots of linear response vs. log concentration21 
the apparent increment of extra activity associated with 
the "correct" enantiomer 4B (compared with the racemate) 
was expected to be relatively minor and potentially 
difficult to measure. 
( i )-Perillaldehyde (25) was identified as a possible 
starting material since this was readily available and 
appeared to have both skeleton and functionality suitable 
for conversion (see Scheme VII) into both the target molecules 
(4A) and (4B). A further attraction was that proposed 
intermediate cyclohexenyl derivatives, ie. (26)-(29), would 
be a useful addition to the pool of "chiral building blocks" 
for general use in synthesis. The obvious alternative of 
simply effecting a resolution of the racemic acid (4) had 
been unsuccessful. Moreover, a secure assignment of 
absolute stereochemistry would probably have required 
degradation of resolved material. 
32. 
DISCUSSION 
The key to the planned approach lay in a proposed 
1, 4-transfer of chirality from the (S)-chiral centre in 
(25) by the utilization of reactions whose mechanisms 
would proscribe racemization of the cyclohexyl system. 
Thus, as indicated in the Scheme VII perillaldehyde (25), 
[a J~ 9-122°, was treated with potassium t-butoxide, followed 
by methyl iodide to yield a mixture of C(l)-methylated 
aldehyde diastereomers in a~ 1:1 ratio. MPLC separation 
of the aldehydes proved to be difficult, but the derived 
methyl esters [ 26 (1 R, 4S) ] and [ 27 ( ls . 4 S) ] were more easily 
resolved. 
Structural assignments were initially tentative and 
based upon the assumption that an equatorial ester (or 
formyl) group would confer greater chromatographic polarity 
to diastereomer (27), and upon the relative deshielding 
effect on C(2) and C(6) of an equatorial C(l) methyl group 
13 in the C-spectrum of a partially resolved mixture of 
aldehyde precursors to (26) and (27). ( 22 ) 
It was expected that confirmation of the designated 
structures would eventually come from ORD spectra of the 
ketones (30A) and (30B), so these compounds became our 
immediate synthetic objectives. 
In parallel sequences, the diastereomeric esters (26) 
and (27) were each treated with boiling ethylene glycol 
containing potassium hydroxide to effect both ester 
hydrolysis and chemo-selective conjugation of the 1.4-
olefinic bonds. It was expected that the kinetically favoured 
10 
2 
(25) 
I 
• 
a,b,c 
7 
CHO 
e,f,g 
SCHEME VI I 
ti 
• 
• I 
(S) 
~ (R) ... -· 
• I 
I 
+ 
h,i 
C02H COCHN2 
( 2 8A, B) (29A,B) 
H n.b 
. ' I f 01~ 
CN 
(31A,B) (32A,B) 
A enantiomer depicted 
B antipode of enantiomer A 
Reagents: 
a t-BuOK,MeI; 
( 2 7) 
(30A,B) 
• 8 • 
I I 
~H02c.r-, ... H ~ 13 
( 4A , B ) 
33. 
J 
d KOH, (CH 20H) 2 ; e Li,NH 3 ,t-BuOH, Et20; f (COC1) 2 ,Py; 
g CH 2N2 ; h BF 3 .Et20,CH 2Cl2 ; l H2 ,Pd-C; J Ph 3P~CH 2 ; 
k NBS· 
' 
l m t-BuOK,THF; n 
) 
34. 
product from this treatment would be the dienoic acid 
~BA, B) in which the olefinic bonds are transoid. It was 
of the utmost importance that further migration of the 
exocyclic double bond into the ring did not occur since 
reduction of this material could readily lead to racemic 
products . In the event it was clear that (28A) and (28B) 
had been formed and Birch reduction {-70°) gave the 
~(3)-acid precursors to diazoketones (29A) and (29B). 
The radical-anion intermediate {i) formed from (28A, B) can, 
in principle, protonate at either C(2) or C{8) (cf. Scheme 
VIII), but the usual expectation would be that protonation 
should occur at the less substituted position, ie. C{2), 
to give {ii). Further electron addition followed by 
protonation would then be expected on the same basis to 
give the exocyclic olefin (iii). It is apparent therefore 
that the "normal" kinetic product determinants are out-
weighed by the extra stabilisation associated with endocyclic 
double bonds. This would be manifested either by initial 
protonation at C{8) in {i) to form the endocyclic allylic 
radical {iv), or by protonation of the allylic anion 
derived from the exocyclic isomer (ii) at C{8) to give (v). 
Less classical explanations could also be invoked. 
Acid catalysed cyclization of {29A) and (29B), 
respectively, followed by olefin hydrogenation on the less 
hindered exo-face, afforded the desired enantiomeric 
ketones (30A) and (30B). The designated absolute configura-
tions were supported through ORD spectra which showed the 
tBuOH 
l 
(iv) 
• 
• 
• I 
co-2 
tBuOH 
le-, tBuOH 
( j i) co-2 
1 e-:; tBuOH 
(V) 
I 
co-2 
(j i j) 
I 
• I 
I 
co-2 
SCHEME VI I I 
expected Cotton effects: (23 ) (-) for (30A) and (+) for 
35. 
(30B). The sequences were then completed using established 
methodology. 8 ' 19 Thus, Wittig methylenation( 24 ) gave the 
olefins (31A) and (31B) and the NBS-derived allylic bromides 
were converted with pyrrolidinyl-1-acetonitrile into the 
primary cyanomethylpyrrolidinium salts. These underwent 
exo-[2,3]-sigmatropic rearrangements in situ to (32A) and 
36. 
(32B) on treatment with base. Hydrolysis with aqueous 
oxalic acid and Jones' oxidation of the liberated aldehydes 
then afforded the targeted enantiomeric pair of acids 
[ (+)-4A, (1S,4S,5S,6S)] and [ (-)-4B(1R,4R,5R,6R)], each . in 
1v 15 steps and rv 2 4% overall yield from ( £ ) -perillaldehyde. 
The optical purity of (+)-(4A) and (-)-(4B) was determined 
from 200 MHz 1H-nrnr spectra of salts derived from 
(+)- a -phenethylamine that had diagnostic chemical shifts 
for the down-field vinylic proton resonances. 
Tests for gibberellin-like activity( 2l) revealed that 
acid (4A) had less than 7% (± 10%) of the activity of ( 4B) 
which was 1. 96 ( ±0 .11) time·s more potent that the racemate, 
thus demonstrating unequivocally the sensitivity of the 
phytohormone receptor(s) to the absolute chirality of 
substrates which resemble the 'right-hand-side' of a 
gibberellin molecule. 
37. 
EXPERIMENTAL 
' (1R,4S)-4-(1-methylethenyl)-l-methylcy clohex-2-ene 
carboxylic acid, methyl ester (26) and its (1S,4S) 
enantiomer (27) 
+ 
CHO 
Methylation of Perillaldehyde 
38. 
Perillaldehyde (25) (10 g, 67 mmol) in dry tetrahydrofuran 
(200 ml) was added to a stirred solution of potassium 
t-butoxide int-butyl alcohol (67 ml, 67 mmol) under nitrogen. 
After 20 min at 25°, the solution was cooled to between -15° 
and -10° and treated with methyl iodide (33 ml, 530 mmol). 
After 30 min, water (30 ml) was added and the tetrahydrofuran 
removed from the mixture under reduced pressure. The residue 
was diluted with petroleum ether - ether (1:1, 200 ml) then 
washed with brine, dried (Na 2so 4 ) and concentrated to give a 
methylated aldehyde mixture of C(l)-epimers (10.4 g, 95 %). 
Several such reactions were carried out a nd the combined 
products used without purification. A sample showed: 
1 HNMR ( CDC 1 3 ) , cS 1 . 1 4 ( S , 3 H , CH 3 ) , 1 . 7 2 ( S , 3 H , H 3 C - C = C ) , 
2. 7 (e,lH,HC-C= C), 4. 7 (m,2H,C = CH 2), 5. 66 (br dd appearing as 
t,J9Hz,2H,HC=CH), 9.5 (S,lH,HCO). 
39. 
Oxidation of aldehyde epimers 
A mixture of aldehyde C(l)-epirners (11.2 g, 68mmol) 
was dissolved in acetone (120 ml) and the solution cooled 
to -10°. Jones' reagent was also cooled to -10° and added 
dropwise up to an orange end-point. After 20 mins 
sufficient iso-propyl alcohol was added to turn the colour 
to green. The mixture was concentrated under reduced 
pressure to remove acetone, diluted with petroleum ether-
ether (1:1, 100 ml) and water (30 ml), and the two layers 
separated. The aqueous phase was extracted with petroleum 
ether-ether (1: 1, 4 x 25 ml) and the total organic extract 
washed with brine until coiourless. This was then dried 
and concentrated to afford a mixture of C(l)-epimeric 
acids (10. 7 g, 87 %). Several oxidations were carried out: 
the pooled acids were used directly and showed: 
l H - NMR (CD C 1 3 ) , o 1 . 2 8 ( S , 3 H , CH 3 ) , 1 . 7 0 ( S , 3 H , H 3 C- C =) , 
2. 7 (e,lH,HC-C=), 4. 72 (m,2H,C = CH 2), 5. 7 (br dd appearing 
as t, J 9Hz ,2H,HC =CH), 9. 32 (e,lH,-COOH). 
Methylation of acid epimers 
A mixture of acid C ( 1) -epimers ( 11. 2 g, 6 2 rnrnol) was 
dissolved in acetone (200 ml) under N2 . Anhydrous potassium 
carbonate ( 9 g, 6 5 rnrnol) and methy 1 iodide ( 7 9 ml, 1. 2 6 rnmol) 
were added and the mixture was stirred for 18 h, then 
filtered and concentrated. The residue was diluted with 
petroleum ether-ether (4:1, 150 ml) and water (30 ml), and the 
/ ' 
40. 
organic phase washed with sodium bicarbonate (10 %, 2 x 5 ml) , 
sodium dihydrogen phosphate (2 x 5 ml), and brine. Drying 
and concentration then gave an epimeric mixture of esters 
(26) and (27) as an oil which had: 1 H-NMR (CDC1
3 
o 1. 27 
(S,3H,CH3 ), 1. 68 and 1. 74 (2S,3H,CH 3-C=,2 .isomers), 2. 7 (e,lH, 
HC-C=) , 3. 6 5 and 3. 6 8 ( 2 x S, 3H, COOCH 3 ) , 4. 7 2 (m, 2H, C = CH 2
) , 
5. 7 (br dd as t, J9Hz ,2H,HC =CH). 
The ester mixture was separated into (26) and (27) using 
MPLC (Lichroprep si 60, hexane-THF, 97:3). The less polar 
diastereomer (26) had [ a ]D17-40.98°(C=l.33,CHC1
3
); IR \l 
max 
( f i lm) , 3 0 5 0 ( = CH 2 ) , 3 0 2 0 ( = CH) , 1 7 3 0 ( C = 0 ) , 1 6 4 0 cm - l ( C = C ) ; 
1
H-NMR (CDC1 3 ) 0 1. 23 (S, 3H;-cH3 ), 1. 70 (S, 3H,CH 3-C=), 
2.7 (e,lH,HC-C=), 3.63 (S,3H,-COOCH 3 ), 4.7 (e,2H,C =CH 2 ), 
+ 5 . 5 4 ( e , 2 H , - CH =CH - ) ; Mass spectrum m / z 1 9 4 ( M Cl 
2 
H l BO 
2 
, 
requires M+ 194) . 
The more polar diastereomer 17 0 ( 2 7 ) had [ a J D -1 5 8 . 4 0 ( C = 1 . 4 9 , 
CH C 1 3 ) ; IR \l ( f i lm) , 3 0 5 0 max (= CH2), 3020 (=CH), 1 730 (C = 0), 
-1 1 164 0 cm ( C = C) ; H-NMR ( CDC 1 3 ) o 1 . 2 6 ( S, 3H, -CH 3 ) , 1 . 7 3 ( S , 
3H,H3C-C =), 2.7 (e,lH,HC-C=), 3.66 (S,3H,-COOCH3), 4.76 (e,2H, 
C=CH 2 ), 5.72 (e,2H,-CH=CH-); 
c12H18o 2 , requires M+ 194). 
+ Mass spectrum, m/z 194 (M 
41. 
(lS)-4-Isopropylidene-l-methylcyclohex-2-ene Carboxylic 
Acid (28A) and the (lR)-Enantiomer (28B) 
Potassium hydroxide (48g, 0.84m.ol) was added, with 
stirring, to ethylene glycol (30 ml), followed by (26) or 
( 2 7) ( 4 . 1 g, 0 . 0 2 mo 1) • 
The resulting solution was heated under reflux for 
20h in an atmosphere of nitrogen, coole d and poured slowly 
into water (30 ml). 0 The solution was cooled to O C, 
acidified to pH 3 (Cone. HCl), then extracted with dichloro-
methane ( 4 x 3 0 ml) . The pooled extracts were washed with 
brine (2 x 5 ml), dried and evaporated under vacuum to leave 
a pale viscous liquid (3.2g, 84.2 %). -
Acid (28A) had: [ a J~ 7 -106.99°(c = 1.53, CHC1 3 ). 
IR vmax (film), 3300-2650 (broad,-OH), 3040 (=CH), 1 700 (C=O), 
-1 1 
1640 (C = C) cm ; H- NMR (CDC1 3 ) cS 1. 33 (S, 3H,-CH3 ), 1. 78 (broad, 
2S,6H, (CH 3 ) 2c =C), 6.05 (broad, dd as t, J = 9Hz, 2H, HC = CH). 
42. 
Acid (28B) had: [ rv ]D17 + 112 o u .26 (C = 1.50, CHC1 3 ), 
IR v ( f i lm ) , 3 3 0 0 - 2 6 5 0 (broad , - 0 H ) , 3 0 4 0 ( = CH ) , 1 7 0 0 ( C = 0 ) , 
max 
1640 Cm-l (C =C); 1H-NMR (CDC1 3 ) cS 1.33 (S,3H,-CH 3 ), 1.78 (broad, 
2S, 6H, (CH 3 ) 2c =C), 6.05 (broaddd as t, J = 9 Hz,2H,HC =CH). 
Diazomethyl (lS)-4-Isopropyl-methylcyclohex-3-en-1-ylKetone 
(29A) and the (lR)-Enantiomer (29B) 
I 
COCHN2 
Birch Reduction of Acid (28A) or (28B) 
Onto the diene acid (28A or B) (3 g, 16. 7 mmol), 
dissolved in dry ether (50ml) and t-butyl alcohol (8 ml, 
85 mmol) was distilled ammonia (70 ml) under nitrogen. 
Pieces of lithium (300 mg, 43 mg-atom) were added and the 
blue colour allowed to persist for 15 min. Methanol was 
added until the blue colour disappeared and the colourless 
solution allowed to evaporate at room temperature. The 
residue was dissolved in water (20 ml), cooled to o0 , 
acidified (cone. HCl) to pH 3 and extracted with dichloro-
methane (3 x 25 ml). The combined extracts were washed 
43. 
with brine ( 2 x 10 ml) , dried and concentrated to a pale 
mobile oil (3.0g, 99%), which on keeping at -5° afforded 
crystals of olefinic acid (29A or B). 
) o 17 o Acid ( 2 9 A had m. p. 3 0 C, [ a ] D + 2. 6 9 ( C = 1 . 19, CHCl 3 ) . 
IR \Jmax (film), 3200-2650 (-OH), 1 700 (C = 0), 1395 and 1375 
-1 ( i sop ro p y 1 ) , 1 2 4 0 , 11 3 0 ( C- 0 ) , 9 5 0 ( broad ) 8 2 0 cm ( = CH 2 ) ; 
1 H-NMR (CDC1 3 ) 6 0. ~4 (d, J = 7 Hz, 6H, isopropyl CH 3 ), 1. 20 
(S, 3H,-CH3 ), 1. 4 'v 2. 6 (broad, m, 7H), 5. 36 (e,lH,C= CH). 
Acid (29B) had m.p. 32°c, 17 0 [ a. JD -3.53 (C=l.16,CHC1 3 ); 
IR \J max ( f i lm ) , 3 2 0 0- 2 6 5 0 ( - OH) , 1 7 0 0 ( C = 0 ) , 1 3 9 5 and 1 3 7 5 
( i sop r op y 1 ) , 1 2 4 0 , 11 3 0 ( C -0 ) , 9 5 0 ( broad ) , 8 2 0 cm - 1 ( = CH 2 ) ; 
1 H-NMR (CDC1 3 ) 6 0.94 (d, J = 7 Hz,6H,isopropyl), 1.20 (S,3H, 
-CH 3 ), 1.4 'v 2.6 (broad,m,7H), 5.36 (e,lH,C =CH). 
Preparation of Diazomethyl Ketones 
The olefinic acid (1. 71 g, 9. 4 mrnol) was dissolved in 
dry benzene (20ml) containing pyridine (820mg, 10.3mrnol), 
and added over 30 min to a stirred solution of oxalyl 
chloride (8.2 ml, 94mrnol) and benzene (5 ml) under nitrogen. 
The reaction mixture was stirred for a further 45 min 
(until evolution of co 2 and CO had ceased). The filtered 
(celite) solution was then evaporated under reduced pressure 
and a slow stream of nitrogen. The residue was dissolved 
in dry benzene (15 ml) and the solvent removed as before. 
The latter step was repeated twice to furnish the acid 
chloride as a pale viscous oil. 
4 4. 
The crude acid chloride dissolved in dry ether (8 ml) 
was added dropwise over 30 min to a stirred ice-cold 
solution of diazomethane (c. 100 rnrnol) in dry ether (50 ml). 
The reaction mixture was allowed to warm to room temperature 
during 18 h, then filtered,the excess of diazomethane 
removed, and the solution concentrated under reduced 
pres sure to reveal a pale yellow oil ( 1. 8 8 g, 91 % ) : 
IR \)max (film), 3100 (H-CN2), 2140 (COCHN2), 1635 (C = 0), 
1 3 6 0 ( broad ) , 11 6 0 , 1 0 5 0 , 8 2 0 cm - 1 ( C = CH ) . 
(IR,2S,5S)-2-Isopropyl-5-methylbicyclo[3,2,l]octan-6-one (JOA) 
and the (1S,2R,5R)-Enantiomer (JOB) 
. 
. 
• I 
COCHN2 
Cyclization of Diazoketones 
~o 
A stirred solution of diazoketone (29A or B) (2.59 g, 
1. 26 rnrnol) in dry CH 2c1 2 (30 ml) was cooled to I\J -10° and 
treated dropwise with boron trifluoride etherate (0.52 g, 
45. 
3. 7 mrnol) . After 10 min, sodium carbonate (sat. 1 ml) was 
added and after a further 10 min, the solution was poured 
into brine (20 ml) and diluted with dichloromethane (30 ml). 
The lower layer was washed with brine ( 2 x 5 ml) , dried and 
concentrated under vacuum to a pale oil (olefinic ketone) 
( 1 . 7 5 g , 7 5 % ) . I R \J ( f i lm ) 3 0 5 0 ( = CH) , 1 7 4 0 ( C = 0 ) , 
max 
-1 1645 (C = C), 1395 and 1375 cm (isopropyl CH
3
). 
Hydrogenation of Olefinic Ketones 
Olefinic ketone (2.36g, 13.3 mrnol) was dissolved in 
methanol (25 ml) and shaken with palladium-on-carbon 
(10 %, 400 mg), under hydrogen (4.3 atmos.) at room 
temperature overnight. The filtered (celite) solution 
was chromatographed on a silica column and elution with 
hexane-THF (97:3) gave the ketone (30A, B) a s a colourle ss 
oil (2. 27 g, 95%). 
Ketone (30A) had: 
ORD(c. 
[¢ ]280 
0 
.033,CH30H), 22 , 
0 
+ 5800 , [ ¢ ] 250 + 
-1 1410, 1390 and 1370 cm 
17 0 [ a ] D -1 6 . 7 4 ( C = 1 . 3 5 , C HC 1 3 ) ; 
0 0 0 [¢ ]700- 20 ' [¢ ]589- 20 ' [¢ ]317- 4800 ' 
3600°; IR \J (film) 1 740 (C=O), 
max 
(isopropyl CH 3 ); 
1 H- NMR (CDC1 3 ), 
cS 0.9-0.96(m,isopropyl), 0.96 (S,C(5)-CH 3 ) (9H under 0.9-0.96), 
2.1 (m,2H,H 2CC=O); HRMS 180.1513. c12H20o r equires M+ 1 80. 1 514. 
Ketone (30B) had: [ a J~ 7 + 14.45 (C = 2. 4 5, CHC1 3 ); 
( 0 0° [ ~ ] 270°, 0 RD c . . 0 3 6 , CH 3 0 H ) , 2 2 , [ ¢ ] 7 O O + 9 , '¥ 5 8 9 + 
[¢ ]317 + 44500, [ ¢ ]280 - 53000, [ ¢ ]250 - 34000; 
-1 IR \J (film) 1740 (C = O), 1410, 1390 and 1370 cm (isopropyl max 
CH 3 ); 
1 H-NMR (CDC1 3 ) cS 0.9-0.96 (m, isopropyl), 0.96 (S, C(5)-
46. 
CH 3 ), (9H under 0.9-0.96), 2.1 (m,2H,H 2Cc=O); HRMS 180 .1511. 
c12H20o requires M+ 180.1514). 
(1S,4S,5R)-13,14-Dinorhelminthospor-7(12)-ene (31A) and the 
(1R,4R,5S)-Enantiomer (31B) 
H 
I 
~ 
A mixture of methyltriphenylphosphonium bromide (8.6 g, 
2 4 mmol) and potassium t-butoxide ( 2 4 ml 'v 2 4 mmol) in dry 
ether (90 ml) was stirred under reflux for 15 min, then 
cooled to -7o 0 c. A solution of the ketone (30A) (1.48 g, 
8mmol) in ether (10 ml) was added over 0.25h to the stirred 
yellow mixture, which was allowed to warm to room temperature 
overnight. The mixture was cooled to o0 and treated 
cautiously with methanol ( 50%, 40 ml) . Ether was removed by 
distillation, more methanol (50 %) added, and the mixture 
extracted with pentane ( 3 x 100 ml) . The combined extracts 
were washed with brine, dried and evaporated to a pale oil 
(1.45 g, 99%). IR v ( f i lm ) 3 0 5 0 ( = CH 2 ) , 1 6 5 5 ( C = C ) , max 
-1 1388 and 1370 (isopropyl), 880 and 870 cm (= CH 2); 
1H-NMR (CDC1 3), o 0.88 (m,6H, isopropyl), 1. 04 (S,3H,CH 3), 
2.2 (broad,S,2H,H 2C-C =), 4.64 (broad,d,2H,C =CH 2). 
4 7. 
N-(13-Cyano-14-norhelminthospor-7(12)-en-13-yl)pyrrolidines 
(32A, B) 
H 
' I 
~ . ' 0-1~ 
GN 
Bromination of the olefin 
To the olefin (31) (1.24 g, 6.97rnrnol) dissolved in 
carbon tetrachloride (50 ml) was added pure N-bromosuccini-
mide ( 1. 29 g, 7 .1 mmol) and a few crystals of benzoyl peroxide. 
The mixture was heated under reflux for 30 min, during which 
time the heavy precipitate of N-bromosuccinimide gave way to 
a light precipitate of succinimide. 
The cooled solution was filtered (celite) and 
evaporated under reduced pressure. The residue was 
chromatographed on a short column of silica. Elution with 
1· 
48. 
light petroleum (40-60°) gave the allylic bromide mixture 
as a co 1 our 1 es s o i 1 ( 1 . 4 4 g , 81 % ) , IR \) ( f i lm) , 1 6 5 0 and 
max 
1630 (C = C), 1390 and 1370 (isopropyl), 900 (= CH 2 ), 
700 crn-l (C-Br); 1 H-NMR (CDC1 3 ) cS 0. 9 (t,J = 6Hz,6H,isopropyl 
CH 3 ), l.12(broad,2S,3H,CH3 ), 4.72 (m,lH,-CHBr), 5.0 (d,J=l.8Hz) 
and 5. 2 3 ( d, J =l. 6 Hz , C = CH 2 ) . 
Formation of 6-exo pyrrolidinyl acetonitriles 
The allylic bromides ( 1. 4 4 g, 5. 6 rnrnol) were added 
dropwise to a solution of pyrrolidin-1-ylacetonitrile 
(0.68g, 6.18rnrnol) in dry dimethyl sulphoxide (6ml) under 
an atmosphere of nitrogen, and the reaction mixture was 
stirred at 45° for 18h. The solution of the resulting 
N-cyanomethyl-N-(13,14-dinorhelrninthospor-6-en-12-yl) 
pyrrolidiniurn bromide was diluted with dry tetrahydrofuran 
(20ml), cooled to -15°, and treated with lM potassium 
t-butoxide solution in t-butyl alcohol ( 7 ml, 7 rnrnol) . The 
reaction mixture was stirred for 3h, diluted with benzene-
ether (9:1, 60ml), washed with brine (3 x 20 ml), dried and 
finally concentrated to a pale oil (1. 61 g, quantitative), 
IR \) (film) 165 O ( C = C) , 114 0 , 112 0 , 1100 , 9 5 0 and 9 0 0 cm 
max 
-1 
1 - . (=CH 2 ); H-NMR (CDC1 3 ), cS 0.9(m,6H,isopropyl CH 3 ), 1.1 (S,3H, 
CH 3 ), 1.8 [m,4H, (CH 2CH 2 ) 2 ], 2.63[m,4H,N(CH 2CH 2 ) 2 ], 3.56[m,1H, 
e p im er i c CN-C H N (CH 2 CH 2 ) 2 ] , 5 . 2 3 ( m , 2 H , C = CH 2 ) . 
49. 
(1S,4S,5S,6S)-14-Norhelminthospor-7(12)-en-13-oic Acid (4A) 
and the (1R,4R,5R,6R)-Enantiomer 4(B) 
H 
H 
. 
. 
0 ~ N-1H ·H CN 
H 
. 
HOC~ 2 
Hydrolysis of the 6-exo pyrrolidinyl acetonitriles (32A or B) 
The pyrrolidinyl nitriles (32A or B) (1.61 g, 5.6rnrnol) 
were dissolved in tetrahydrofuran (25ml) and treated with a 
warm solution of oxalic acid ( 25 ml, 30 % w /v) . The two phase 
mixture was heated under reflux for 15 min, cooled, then 
extracted with light petroleum ( 3 x 40 ml) . The combined 
fractions were washed with brine ( 2 x 15 ml) , dried and 
evaporated to a 
(unconj HC = 0) ; 
pale o i 1 ( 1 g. 8 7 % ) • IR v (film) 172 0 cm - l 
max 
1H-NMR(CDC1 3 ) 9.4 (d,J=2Hz, coupled with 
Oxidation of Aldehyde 
The aldehyde (1.0 g, 4 .85rnrnol) was dissolved in acetone 
(30ml) and the solution cooled to -10°. Jones' reagent was 
0 
also cooled to -10 and added dropwise up to an orange end-
point. After 15 min, sufficient isopropyl alcohol was added 
5 0. 
to turn the colour to green, then the mixture evaporated 
under reduced pressure to remove the bulk of the acetone, 
diluted with dichloromethane ( 2 x 30 ml) , and the organic 
layer was extracted with 5% sodium carbonate (3 x 20 ml). 
The basic solution was extracted with ether to remove 
impurities, and then acidified to pH 3 with dilute 
hydrochloric acid. The acidic aqueous layer was extracted 
with dichloromethane ( 3 x 2 5 ml) , and the combined extracts 
washed with brine ( 3 x 5 ml) , dried and evaporated to afford 
the expected acid as a colourless oil, which crystallized 
on standing (freezer) (1. 06 g, 99%). 
(1S,4S,5S,6S) acid (4A) with the following character-
istics: m.p. 62-63°; [ a ]~ 7 + 62.12° (C = 0. 705, CHC1 3 ); 
I R \)max ( f i lm ) , 3 2 0 0 - 2 7 0 0 (broad , 0 H) , ( = CH 2 ) , 1 7 0 0 ( C = 0 ) , 
1650 (C= C), 1370 (isopropyl), 1300, 1240 (C - 0), 955, 900 cm-l 
(= CH 2 ); 
1 H-NMR (CDC1 3 ) c5 0.9 (m,6H,isopropyl CH 3 ), 1.1 (S,3H, 
CH 3 ), 2.55 (broad,d,J= 5Hz,1H,C 5-H), 3.25 (S,1H,HCC0 2H), 4.9 
and 5 . 1 5 ( 2m , 2 H , C = CH 2 ) . 
(1R,4R,5R,6R) acid (4B) had the following character-
o 17 o istics: m.p. 64-66. [ a ]D -67.27 (C=0.75.CHC1 3 ); IR \) max 
( f i lm) , 3 2 0 0- 2 7 0 0 ( broad , 0 H) ( = CH 2 ) , 1 7 0 0 ( C = 0 ) , 1 6 5 0 ( C = C ) , 
-1 1 3 7 0 ( i sop ro p y 1 ) , 1 3 0 0 , 1 2 4 0 , ( C - 0 ) , 9 5 5 , 9 0 0 cm ( = CH 2 ) ; 
1 H-NMR (CDC1 3 ) c5 0.9 (m,6H,isopropyl CH 3 ), 1.1 (S,3H,CH 3 ), 
2.55 (broad,d,J= 5Hz,1H,c 5-H), 3.25 (S,1H,HCC0 2H), 4.9 and 
5 . 15 ( 2m, 2H, C = CH 2 ) . 
51. 
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